To solve the equation for gravity-gyroscopic waves in a rectangular domain, the distinguished algorithm for the solution of the Cauchy problem for a second-order transient equation is proposed. This algorithm is developed by using the time-varying finite element method. The space derivatives in the gravity-gyroscopic wave equation are approximated with finite differences. The stability and accuracy of the method are estimated. The procedure for the implementation of the method is developed. The calculations were performed for determining the steady-state modes of fluctuations of the solutions of the gravity-gyroscopic wave equation depending on the problem parameters.
Introduction
The strengthening of requirements for solving complex problems in scientific and technological researches results in the improvement of existing numerical computation algorithms. This improvement is of particular importance in studying complex nonstationary processes, for example, the propagation of gravity-gyroscopic waves.
The mathematical statement of problems in the theory of internal waves, including gravity-gyroscopic waves, and methods for solving such problems are discussed in publications [1] - [6] . In publications [1] - [3] , the equations for describing the propagation of internal waves are derived using the Bussinesk approximation. Various analytical methods of solving problems in the linear theory of gravity-gyroscopic waves are proposed in publications [3] - [6] . Specifically, in publications [4] [5] , the modes of steady-state oscillations associated with gravity-gyroscopic waves are defined depending on the coefficients of equations describing the propagation of gravity-gyroscopic waves in response to a harmonic disturbance in the unbounded medium.
Since analytical methods not always allow solutions of problems for arbitrary data and solution regions to be obtained, numerical methods are used. In solving nonstationary problems, semidiscrete methods are used, that is, the methods with initial approximation only for spatial variables followed by the solution of the Cauchy problem by using finite-difference algorithms. These methods provide an order of accuracy not higher than the second one [7] [8] .
To enhance the calculation accuracy, it is necessary to use numerical algorithms providing a higher order of accuracy [9] . This is possible due to the finite element method. Among numerous publications for the finite element method, we refer to publications [10] - [12] which specify the methods and algorithms for solving stationary and nonstationary problems in the mathematical physics. In publication [13] , an algorithm for solving second-order nonstationary equations, which provides the fourth order of accuracy, is proposed. According to publications [14] - [18] , this algorithm was used and substantiated in solving various problems in the mathematical physics which are described by equations for oscillations. The methods for the implementation of this algorithm were developed, as well as the stability and convergence of the algorithm in the classes of Soboliev functions were proved.
Problem Statement
Consider the following problem: ,
We will also assume that the Brent-Väisälä frequency 0 ω is constant. Equation (1) is not classical and belongs to the Sobolev equations of composite type [1] - [3] .
Let us define the generalized solution of problem (1) 
where 
Spatial and Time Approximation
Let us construct a subspace 
where constant M is independent of 1 3 , h h [7] .
With the use of the corresponding quadrature formulae ( )
a u ϑ on the mesh and derive an approximated mesh solution from Equation (4):
The problem defined by Equation (5) corresponds to the following Cauchy problem for the function 
, . 
Let us seek an approximate solution of problem (6) 
Scheme Implementation Algorithm
For implementation of Scheme (10), it is necessary to solve the system of two equations with respect to unknown variables , y y  : 
Let us assume that condition (11) holds. Excluding ŷ  from Equations (12) we obtain an equation to find ŷ : For inversion of the matrices 1 2 , C C the direct square root method was used once at the initial time. For all other layers the solutions were obtained by multiplying the matrix 
Stability and Convergence
( ) ( ) ( ) ( ) 4 h h A D u
t y t u t y t Mτ
The proof of the statement is based on the separate transformation of two layer scheme (10) to a three layer scheme for both solution y and its derivative y  . Condition (14) 
Computational Experiments
Let us proceed to the description of the computational experiment. The asymptotic amplitude problem for the solution of Equation (1) It has been proven that the asymptotic amplitude ( ) ( ) , , u x x t in its way to the steady state. Furthermore, it has been shown that when t → ∞ the solution decays according the following law
Let us consider the right-hand member of Equation (1) as an excitation factor of the fluid motion that is acting on a small segment of 2∆ in length which is small compared to the overall length of the domain:
and during the finite period of time:
The initial conditions are uniform:
The dimensions of the domain are 1 2 10 l l = = , 1 ∆ = and 0 10 t ≤ ≤ . The mesh parameters are as follows: The next plots (Figures 5-7) show the solutions for a hyperbolic case (the problem parameters are described in the caption of Figure 5 ).
Let us consider an elliptic case, noting that 0 ω α ω ≠ < (Figures 8-10 ).
The following results correspond to the singular cases with α ω = (Figures 11-13 ) and 0 ω ω = (Figures  14-16 ). , , y x x t for 43 t = .
Conclusions
The following conclusions can be drawn on the basis of the comparative analysis of the simulation results:
• for all parameter combinations the solution achieves a steady state regime (Figures 3-16 
